ABSTRACT: This manuscript reports the findings of a research endeavor that has characterized the process to deliver detailed workshop and erection design documents for steel structures when outsourced to offshore design service providers, and has assessed the influence of these design processes on construction operations. The study has considered all aspects (organizational, transactional, and resource-based) of the structural design process among the key participants, i.e. owner, contractor, designer, and manufacturer. However, only the findings at the interface between design and construction are presented in this manuscript due to space constraints. An exploratory case study methodology was undertaken and ethnographic data from US client and Indian vendor companies was collected. As part of this ethnographic data collection, interview data comprising 23,000 words was coded to identify the constructs that characterize offshore outsourced structural design processes. Several shortcomings currently characterize these design processes. For instance, the inefficient use of design technologies penalizes the communication of design information between the involved participants. These inefficiencies frequently result in undetected clashes between the structural members and facility/building components (such as building services) that need to be identified and resolved at the job site at the expense of increased construction costs and extended completion times. In addition, the inefficient exchange of design information among participants result in excessive and time consuming design revisions that frequently extend design and construction schedules. To this date, past research efforts have investigated primary (architectural) offshore outsourced design processes but have, for the most part, omitted offshore outsourced structural design processes.
INTRODUCTION
Growing project complexities and recent technological breakthroughs have enabled Architectural, Engineering, and Construction (AEC) firms to increasingly subdivide complex design tasks and to separately contract them to specialized trade vendors at offshore locations. Thus, an increasing volume of complex design services are actually being outsourced to specialized vendors [1] [2] [3] . For instance, in the US complex design services account for 75% of all activities outsourced by the AEC industry [3] .
Among these design services, this study targets the understudied downstream structural steel engineering services (SES) when outsourced to offshore design service providers. SES encompasses secondary design (e.g., connection design), tertiary design (design of staircases, handrails etc), and ultimately the production of workshop and erection drawings. Thus, downstream design services are a crucial step to guide the shop personnel to produce the structural steel components, the erection crews during installation activities, and hence exert a high level of influence in the execution of the capital project.
According to the National Association of Software and Service Companies (NASSCOM), AEC firms have overtaken manufacturing firms in offshoring engineering services to India [2] . Indeed, according to a different source, 44% of US firms are already offshoring their engineering functions [2] . Even though offshore outsourcing of design services brings upfront reduced costs, disadvantages have also been reported. Downstream engineering services are one of the most difficult services to offshore [2] . Hence, the quality of the design product frequently decreases in such offshore collaborations.
Indeed, the offshoring of design services not only aggravates existing project delivery complexities, but also adds newer ones [4] [10] . Thus, it has been stated that it is necessary to identify through empirical research methods various causes that limit technology implementation in offshore networks [6] .
Past researchers have largely focused their studies on the investigation of primary design services, typically those in which US clients collaborate with offshore virtual counterparts to carry out primary design. Only a minute number of studies exist on downstream design services, which have been restricted to interactions between owners, fabricators, and engineers, and thus neglecting the role of offshore structural detailers.
METHODOLOGY
This study characterizes the process to deliver workshop and erection drawings for steel structures when outsourced to offshore design service providers, and assesses the influence of these processes on construction operations. To fulfill these research objectives, an exploratory case study research methodology [11] [12] [13] was undertaken. This methodology yielded to the definitions of the constructs that define SES collaborations with implications in design technologies, constructability, electronic data interchange, multicultural, and organizational issues, among others.
However, this manuscript only presents the findings at the interface of design and construction due to space constraints. Thus, the constructs discussed in this paper are: 1) inefficient design information exchange; 2) inefficient use of design technologies and 3) lack of constructability focus. In the following sections of the paper we discuss our findings by first characterizing the offshore SES and the overall design processes, and then elaborating on these constructs. Figure 1 illustrates the design process. Primary design, which includes core structural and architectural design, is a collaborative effort between owner, architect, discipline engineers, and sometimes the general contractor. Based on the primary design documents, the US clients outsourced secondary and tertiary design, and structural detailing to For instance, we documented RFI responses that were received by vendor firms three months after the inquiry had been generated. The design schedule and project completion dates need to be delayed since the finalization of the fabrication drawings needs to be postponed. The fact that many RFIs need to be re-submitted due to miscommunications between vendors and respondents add to the problem generated by late responses.
STRUCTURAL ENGINEEING SERVICES

DESIGN PROCESS
INEFFICIENT USE OF DESIGN TECHNOLOGIES
Offshore SES collaborations exhibit shortcomings in relation to the use of technologies by vendor and client companies alike. Some of these shortcomings are discussed below.
Obsolete data interchange:
Technology interoperability is poor among offshore SES networks. As shown in Figure 2 Unfortunately, these SDNF-generated steel models are seldom accurate and need "considerable repair work".
Vendors do not want to take risks by importing the information in the neutral files. Therefore, vendors recreate the whole structural steel 3D model using 2D design information. BIM information is not shared in order to preserve confidentiality of the standards, styles, practices, and know-how information contained in the BIM model. 
LACK OF CONSTRUCTABILITY FOCUS
In pursuit of immediate profit, both client and vendor firms did not appreciate the need to ensure the constructability of the designed steel structures. Even though it is evident that timely checks for clashes between different trade models is essential to identify constructability issues [14] 
CONCLUSIONS
This manuscript reports the partial findings of a research endeavor that has characterized the process to deliver workshop and erection drawings for steel structures when outsourced to offshore design service providers, and 
